Introduction

33
The ability to catch different target species and sizes is crucial for the incomes of fishermen. The main aim of the present study was threefold. First, to use a separator frame with two vertical bars at the 95 entrance of the horizontally divided codend to stimulate fish to swim into the more open upper compartment 96 while maintaining Nephrops in the lower compartment in the economically important and discard-heavy 97 Nephrops-directed fishery. The design was inspired by the two guiding bars used in Krag et al. (2009b) and by 98 the observation made by Glass et al. (1995) that fish are reluctant to pass through large meshes when a clearer 99 passage is available. Second, to perform a length-based quantification of the species specific separation 100 efficiency. By giving the proportion of a species entering a compartment for each length class, comparisons of 101 the same length classes of the same species across studies is enabled. I.e. the approach is population independent 102 and can be used to identify size-specific separation patterns and separation limitations, as well as making our 103 results comparable with those of other studies. The latter also required presenting our results as overall and size-104 specific preferences for specific compartments, which are independent of the height of the compartments. Third, 105 we investigated the length-based diel differences in species separation. Vision appear to be important for fish The experiment used a codend made of four net panels. The diamond mesh netting (40 mm mesh made of 1.8 114 mm polyethylene twine) was turned 45 degrees and mounted as square meshes to the tapered section to obtain 115 more stable mesh geometry and to maximize the water flow through the small meshes. The codend was divided 116 into upper and lower compartments by a horizontal net panel. In the aft end, the codend was split to give separate 117 collecting bags for the two compartments that eased handling during hauling ( Fig. 1, enlarged 
where f is a polynomial of order k with coefficients v 0 ,…,v k so v = (v 0 ,…,v k ). We considered f up to an order of 4 180 with parameters v0, v1, v2, v3, and v4. VS(l,v) expresses the probability of finding a fish of length l in the upper 181 compartment given that it was observed in the upper or lower compartment. We used f (l,v) in the following 182 formula.
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230
Fishing gear and fishing operation
231
The average mesh size (± SD) was 44.03 mm (± 1.35 mm) for the upper codend compartment (n = 30) and 43.63 232 mm (± 1.27 mm) for the lower codend compartment (n = 30). Fourteen valid hauls were conducted during good 233 fishing conditions in commercial fishing grounds (Table 1 ). The duration of the hauls varied between 1.25 and 234 3.50 h (mean: 2.63 h). Underwater video recordings showed that the net was open and stable at the entrance of the divided codend ( Fig. 2 ). There were no problems handling the two frames in the lower compartment during 236 the fishing process and the two vertical bars in the foremost frame did not collect any objects.
237
238 Ability of the model to describe the data
239
The p-value was above 0.05 in most cases, thereby implying that the deviation between the experimental data 240 and the fitted model might well be a coincidence and did therefore not cause any concern using the model to 241 describe the data ( Table 2 ). The deviance residuals were checked for the five cases where the p-value was below 242 0.05. We found no systematic patterns in the deviations and the fitted model in any of these cases, and thus the 243 low p-values were probably a consequence of over-dispersion in the data. Therefore, we were confident that the 244 model could also be used to describe the length-dependent separation efficiency in these cases.
246
Vertical distribution
247
In total, 20,205 individuals comprising cod, whiting, haddock, saithe, hake, plaice, witch flounder, lemon sole, 248 and Nephrops were included in the analysis (Table 3) . Although most of the fish (65%, CI: 60.0-69.1) entered 249 the upper compartment, the overall vertical distribution of fish was close to uniform (Table 4) (Table 4 ). Three patterns of separation efficiencies were 255 identified among the nine study species: 1) a strong length dependency for cod and whiting; 2) preferences for 256 the upper compartment by haddock and saithe; and 3) preferences for the lower compartment by hake, plaice, 257 witch flounder, lemon sole, and Nephrops.
258
The mean length of the cod (n = 3688) was 39 cm (range: 9-96 cm) (Table 3-4) . Overall, the individuals entered 261 the upper compartment less than expected if their vertical distribution was uniform (Table 4 ). There was a strong 262 length dependency in terms of the vertical distribution by cod, with a mean vertical separation efficiency of 0.22 263 for individuals measuring less than the MCRS of 30 cm, and 0.68 for individuals measuring greater than or equal 264 to the MCRS ( Fig. 3 ). Of the total cod analysed, 32% measured less than the MCRS and they had a mean size of 265 25 cm (SD: ± 14.0). The preference for the lower compartment was significant for cod < 45 cm. Cod ≥ 45 cm 266 showed a uniform vertical distribution ( Fig. 3) .
267 Whiting
268
The mean length of the whiting (n = 793) was 24 cm (SD: ± 4.8). The individuals entered the upper compartment 269 less than expected if their vertical distribution was uniform (Table 4 ). Like cod, the separation observed for 270 whiting was length-dependent ( Fig. 3) . The mean vertical separation efficiency was 0.30 for individuals 271 measuring less than the MCRS of 23 cm and 0.65 for individuals measuring greater than or equal to the MCRS.
272
Individuals with a total length < 20 cm had a significant preference for the lower compartment. Whiting Table A1 in Appendix). The proportion 290 of individuals measuring less than the MCRS of 30 cm was 36% (mean size ± SD: 25 ± 11.7 cm). The undersized saithe entered the upper compartment more than expected if their vertical distribution was uniform 292 (Table 4) .
293
Preference for the lower compartment 294 Hake
295
Hake was caught in lower numbers than most of the other species, thus the number in the analysis was also lower 296 (n = 288). In contrast to the gadoids, hake had a clear behavioural preference for the lower compartment, where 297 most of the individuals were caught (Table 2) . This preference was observed in almost all the size classes present 298 in the catch and it was statistically significant for the sizes ≤ 58 cm (Fig. 3 ). Length-dependent separation was 299 observed for individuals < 35cm. Of the total hake, 18% measured less than the MCRS of 27 cm, and their mean 300 size was 23 cm (SD: ±13.3). Undersized hake was caught much less in the upper compartment than expected if 301 their vertical distribution was uniform (Table 4 ).
Plaice 303
Plaice (n = 1357) were caught in the upper compartment less than expected if their vertical distribution was 304 uniform (Table 4 ). The preference for the lower compartment was statistically significant for individuals < 41 cm 305 ( Fig. 3) . The difference in separation efficiency between lengths was small, only 0.04 when comparing the 306 smallest and largest size classes with > 20 individuals (20 cm vs 36 cm, Table A1 in Appendix). Beyond these 307 size classes the confidence intervals widen. Of the plaice, 35% was less than the MCRS. Their mean size was 24 308 cm (SD: ±4.8) ( The number of lemon sole analysed (n=274) was lower than most other species because, like hake, they were 320 caught in lower numbers. Preference for the lower compartment was statistically significant for the size interval 321 (20, 33) cm (Fig. 3) . Like the two other flatfish species, the separation efficiency changed little (0.06) when the 322 smallest and largest size classes with > 20 individuals were compared (24 cm vs 29 cm, Table A1 in Appendix).
323
As many as 46% of the analysed lemon sole measured less than the MCRS of 26 cm. The mean size of these 324 undersized individuals was 22 cm (±4.1), and less than expected if their vertical distribution was uniform were 325 caught in the upper compartment (Table 4 ).
326 Nephrops
327
The Nephrops analysed (n=2392) had a statistically significant preference for the lower compartment for the size 328 interval (25, 70) mm, i.e., for most of the size range found in the catch (Fig. 3) Overall, we found that a higher proportion of cod entered the upper compartment. This is similar to that found 394 for cod in other horizontally divided codend designs ( 
401
(2008) used a codend divided in half, but with the possibility for the fish to change compartments after the point 402 of separation. Our length-based analysis showed a strong length dependency in the separation efficiency for cod.
403
Small cod had a significant preference for the lower compartment whereas individuals measuring greater than 44 404 cm had no significant preference for any compartment. From this, an increase in the separation of small all the size groups. A visual inspection of the size distribution given in some of the studies does not suggest that 408 differences in fished populations can explain the differences in the separation of cod between studies using 409 divided codend designs. However, the frequency distribution of the size classes is not easily determined by 410 visual inspection, and so this has to be analysed further to conclude whether the differences in separation is in 411 fact due to differences in the vertical distribution of cod resulting from differences in gear design, or if it is 412 confounded by differences in fish size distributions.
414
Similar to cod, we found that a larger proportion of whiting entered the upper than the lower compartment while 415 it had an overall preference for the lower compartment ( Preference for the lower compartment (hake, plaice, witch flounder, lemon sole, and Nephrops)
455
We found that the largest proportion of hake entered the lower compartment. This compartment was also highly 456 preferred when considering its relative height. Our length-based analysis showed that the preference for the compartments was considered. However, the structure of the fished population was not given, thus it could not 460 be evaluated if the differences in vertical distribution was caused by differences in the size of the fish caught. Our results suggest that to select hake out of a larger meshed upper compartment, a stronger stimulus than a 462 separator frame with two guiding bars is needed.
464
Plaice (mean 29 cm, SD: ±4.3 cm) showed a significant preference for the lower compartment for most size 465 classes (15-40 cm) for which we had data. Similar size-independent separation was found in the size range of and was found to prefer the lower compartment. Despite the two vertical bars in the only 30 cm high frame, the 483 preference for the lower compartment was much stronger than for the 37.5 cm high lower compartment in the 484 separator frame without vertical bars in Krag et al. (2009a Krag et al. ( , 2009b . This may be caused by the differences in 485 total height of the gear at the position of the frame (90 cm in this study and 150 cm in Krag et al. 2009a Krag et al. , 2009b .
486
Although the presence of vertical bars do not change the preference of lemon sole, they encourage a higher 487 proportion to enter the upper compartment ( was also observed by Graham and Fryer (2006) although not as strong as in our study (Table 5) 2008). A recent study using a similar codend design to that in our study confirms that fish react to light stimuli 549 inside the gear, but the separation of fish and Nephrops was not improved (Melli et al. 2018 672 Tables   673  Table 1 Operational conditions. hh: hours, mm: minutes. 
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